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摘  要 
I 
摘  要 
锂离子电池作为一种清洁高效的电化学储能系统，由于其能量密度很大程度
上受制于正极材料，因此进一步提高锂离子电池的能量密度，具有高电压平台的




优化，确定了煅烧结晶的最佳温度为 800 ℃，pH 为 3.4，锂含量为 n（Li）/n（Mn）
=1.05:1.50。 
2. 研究了 ET（EC:EMC:DMC=1:1:1）和 PES（PC:EMC:SL=1:1:1）电解液
对 LiNi0.5Mn1.5O4 材料性能的影响。结果表明，LiNi0.5Mn1.5O4 材料在 PES 电解液
中有较优的倍率性能和循环稳定性。ET 电解液中，LiNi0.5Mn1.5O4 材料在 1 C 倍
率条件下的比容量为 82.2 mAh·g-1，而 PES 电解液在 5C 倍率条件下比容量还保
持在 107.6 mAh·g-1。1C 循环 100 圈后，在 ET 电解液中 LiNi0.5Mn1.5O4 材料的容
量保持率为 68.9%，相同条件下 PES 电解液中则为 76.1%。 
3.用高温固相法、共沉淀法、水热法和溶胶凝胶法制备了不同形貌的尖晶石
LiNi0.5Mn1.5O4 材料。通过 XRD、SEM 和电化学性能测试，看出溶胶凝胶法得到
的材料分散性好，同时具有最好的倍率和循环性能，0.1 C 电流密度下的首圈放
电容量达到 133.9 mAh·g-1，5C 电流密度下比容量为 107.6 mAh·g-1，1 C 倍率下
100 圈的循环保持率为 76.1%。 
4.对 LiNi0.5Mn1.5O4 材料进行 MgO、Al2O3 和 TiO2 的包覆改性，研究发现材
料的结构和粒度并没有发生改变。包覆后 LiNi0.5Mn1.5O4 材料的循环性能得到了
提高，未包覆、MgO 包覆、Al2O3 包覆、TiO2 包覆 LiNi0.5Mn1.5O4 材料的 1 C 倍











































Lithium ion batteries as the most efficient and convenient energy storage its 
energy desity is restricted by the cathode materials. To improve the energy density 
spinel LiNi0.5Mn1.5O4 is becoming a promising high-voltage cathode material which 
can reversibly intercalate/deintercalate lithium ions at 4.7 V.  
In this thesis, we developed different methods to prepare spinel LiNi0.5Mn1.5O4. 
Meanwhile suface coating was also adopted to improve the cycling performance. 
1. Sol-gel method was used to prepare LiNi0.5Mn1.5O4, and the experimental 
conditions were optimized. The influence of sintering temperature, lithium/manganese 
ratio and pretreatment before calcination has been discussed. The optimized results 
showed that the best electrochemical performance can be achieved only when 
sintering temperature was 800 ℃, and the molar ratio of  lithium/manganese was 
kept 1.05:1.50.  
2. Two different electrolytes, ET （ EC:EMC:DMC=1:1:1 ） and PES
（PC:EMC:SL=1:1:1） had been used in our high voltage batteries. The results 
showed that rate capability and cycle performance in PES were better.The 
LiNi0.5Mn1.5O4 delivered discharge capacity of 82.2 mAh·g
-1
 at 1 C in ET electrolyte 
and 107.6 mAh·g
-1
 at 5C in PES electrolyte. The capacity retention values were 68.9% 
and 76.1% at 1C after 100 cycles in two electrolytes, respectively. 
3. Spinel LiNi0.5Mn1.5O4 with different morphologies were prepared through 
solid-state, coprecipitation, hydrothermal and sol-gel method. The samples were 
characterized by XRD, SEM and the electrochemical performances were also 
investigated. The sample prepared by sol-gel method had the best rate and cyclic 
performance.The sample can delieve a delivered discharge capacity of 133.9 mAh·g
-1 
at 0.1 C, and the capacity retention was 76.1% at 1 C after 100 cycles. 
4. The spinel LiNi0.5Mn1.5O4 particles were coated using MgO, Al2O3 and 















electron microscopy and X-ray diffraction. The results showed that the crystal 
structure of modified samples were still spinel. The cyclic performance was improved 
after being coated. The retention ratio of bare LiNi0.5Mn1.5O4, MgO coating, Al2O3 
coating and TiO2 coating were 68.7% ,71.5%, 84.4% and ,74.7% at 1 C after 100 
cycles, respectively. 
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从而提高了锂离子电池的循环性能。1990 年日本 Nagaura 等人[6]研制了以石油焦































发生结构上的不可逆变化。锂离子电池工作原理如图 1.1 所示。 
图1.1  锂离子电池工作原理示意图 
Fig. 1.1  Schematic description of lithium battery  





 LiPF6-EC+DEC | LiCoO2 (+) 
充放电反应的反应方程式为： 




负极    6C+xLi++xe-  LixC6 
总反应  LiCoO2+6C  Li1-xCoO2+ LixC6 
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